Abstract. Prostate cancer (PCa) is the second most diagnosed malignancy, and the leading cause of cancer-associated mortality among males. Prostate-specific antigen (PSA) has long been used for the detection of PCa. However, PSA levels increase in PCa and benign prostatic hyperplasia (BPH), and are associated with a poor disease outcome. Circulating microRNAs (miRNAs) have been determined to be highly stable in the circulation, and could be utilized as biomarkers to improve disease diagnosis and management. In the present study, the effectiveness of four PCa-associated miRNAs in the discrimination of PCa from BPH and the risk-stratification of PCa was assessed. The study included 100 participants: 35 patients with localized PCa, 35 patients with BPH and 30 healthy subjects. Patients with PCa were categorized based on their tumor stage (T), PSA level and Gleason score (GS) into low-(T 1/2, PSA <10 ng/ml or GS ≤7) and high-risk groups (T 3/4, PSA >20 ng/ml or GS ≥8). Reverse transcription-quantitative polymerase chain reaction was employed to assess the miRNA expression in peripheral blood samples. Significantly reduced expression of miR-15a, miR-126, miR-192 and miR-377 was observed in patients with PCa compared with patients with BPH and healthy subjects.
Introduction
Prostate cancer (PCa) is the most common malignancy in males worldwide, and the second-leading cause of cancer-associated mortality (1, 2) . While the prevalence of PCa in Arab countries is lower than that in Western countries, the incidence is steadily increasing (3) . Although the majority of PCa cases are indolent and localized at diagnosis, localized tumors can develop into aggressive tumors in the long term (4), the early detection of PCa, when treatment is most effective, can significantly contribute to a reduction in the mortality rate. Prostate-specific antigen (PSA) has long been used for the detection and screening of PCa. However, elevated levels of PSA have also been reported in non-malignant conditions of the prostate (5), including benign prostatic hyperplasia (BPH), which is commonly misdiagnosed as PCa, leading to unnecessary biopsies (6) . PSA also has a positive predictive value of only ~35%, potentially leading to false-positive or false-negative results (7) . It has been demonstrated that a significant proportion of males who underwent a prostate biopsy due to an elevated PSA level did not actually have PCa (8) . PSA testing and screening have been demonstrated to be associated with a high rate of over-diagnosis and overtreatment in a number of clinical trials (9) (10) (11) . In addition, PSA testing and Blood-based microRNAs as diagnostic biomarkers to discriminate localized prostate cancer from benign prostatic hyperplasia and allow cancer-risk stratification other clinical parameters currently used for the stratification of patients with PCa, including clinical stage and Gleason score (GS) tumor grade have limitations in detecting and predicting the disease outcome (12) . Therefore, PSA is neither an effective predictor of PCa, nor does it contribute to risk stratification (13, 14) . Novel, non-invasive biomarkers that can distinguish malignant from benign prostatic tumors, and detect PCa at an early stage to improve disease diagnosis and management, are urgently required (15) . Genetic and epigenetic modifications contribute significantly to the pathogenicity and development of PCa (16) . Among the alterations that affect the regulation of gene expression, the disturbance of microRNA (miRNA/miR) expression and function can affect several pathways involved in the initiation and development of cancer, including those of the cell cycle, proliferation, angiogenesis and apoptosis (17) . The differential expression profiles of miRNAs in different types of cancer, compared with those in normal tissue, support the hypothesis that miRNAs serve a critical role in cancer (18) . The upregulation and downregulation of miRNAs in different types of cancer suggest a dual role for miRNAs, acting as either tumor suppressors or oncogenes (18) .
Among several miRNAs implicated in cancer, the expression levels of miR-15a, miR-126, miR-192 and miR-377 have been identified as downregulated in a wide range of cancer types, including myeloma, non-small cell lung carcinoma, pancreatic cancer, renal cell carcinoma and osteosarcoma (19) (20) (21) (22) (23) (24) . These four miRNAs have been described as tumor suppressors in PCa. Bonci et al (25) reported that miR-15a could function as a tumor suppressor in PCa via repression of cyclin D1 and Wnt family member 3A (WNT3A) oncogene expression. Song et al (26) observed that miR-126 could inhibit cancer proliferation and metastasis by targeting phosphoinositide-3-kinase regulatory subunit 2 (PIK3R2) in PCa. Sun et al (27) demonstrated that miR-192 could serve a tumor suppressive role and impair cell tumorigenicity in PCa by targeting and repressing the oncogene, nin one binding protein 1 (NOB1). Formosa et al (28) also reported that miR-377 could affect the behavior of malignant cells in PCa cell lines by targeting FZD4, a gene important in epithelial-to-mesenchymal transition.
Previous studies have proposed miRNAs as diagnostic and prognostic biomarkers for cancer (29, 30) and numerous other types of disease (31, 32) , due to their high stability in bio-fluids, including blood (33, 34) . Circulating miRNAs are considered to be either contained in exosomes, microparticles and apoptotic bodies, or associated with argonaute 2 and other RNA-binding-proteins and high-density lipoproteins, enabling their transfer from one cell to another in diverse biological processes (35) . Circulating miRNA profiling studies have demonstrated differentially expressed miRNAs with diagnostic, prognostic and predictive abilities in PCa (36, 37) . The majority of these studies have evaluated the biomarker potential of these miRNAs to distinguish early stage PCa from metastatic PCa (36, 37) . However, the present study addresses the feasibility of using circulating miRNAs as biomarkers to distinguish localized PCa from benign prostatic hyperplasia (BPH), and to discriminate between low-and high-risk patients at an early stage.
Therefore, in the present study, the expression levels of peripheral blood miR-15a, miR-126, miR-192 and miR-377, selected based on their critical functions in PCa, were quantified and their diagnostic value was investigated. These miRNAs may be suitable biomarkers for the early detection of localized PCa, and for PCa risk stratification.
Materials and methods
Participants. Ethical approval to conduct the present study was obtained from the Medical Research and Ethics Committee of the College of Medicine and Medical Sciences, Arabian Gulf University (Manama, Kingdom of Bahrain). A total of 100 Bahraini participants were recruited from the Urological Clinic of King Abdullah Medical City Hospital between June 2013 and January 2014, and divided into three groups: 35 patients with localized PCa, 35 patients with BPH and 30 healthy control subjects. The mean age of the patients with PCa was 73.8±4.2, and the mean age of BPH patients was 71.8±5.9, whereas the mean age of healthy subjects was 71.6±4.8. All participants provided informed consent for the extraction and use of their blood samples and data. The diagnosis of localized PCa was made based on elevated PSA levels and malignant histological findings in the prostate biopsy specimen without evidence of metastatic disease. Patients with PCa were categorized into two groups, according to the D'Amico risk classification criteria for localized PCa (38) , tumor (T) stage, PSA level and GS: Patients with low-risk localized PCa (n=20) had a tumor stage of T1c or T2a, a PSA of ≤10 ng/ml or a GS of ≤7; patients with high-risk localized PCa (n=15) had a tumor stage of T2c, a PSA of >20 ng/ml or a GS of ≥8. The diagnosis of BPH was made based on digital rectal examination, and a benign histological finding of the prostate biopsy specimen if PSA was elevated. The healthy control subjects were those who underwent routine physical examinations with no underlying prostate disease.
Blood sampling. Whole blood samples (5 ml) were obtained from patients with PCa one day prior to radical prostatectomy surgery, as well as from patients with BPH and healthy control subjects. All blood samples were collected in EDTA tubes. RNAlater (1.3 ml; Ambion; Thermo Fisher Scientific, Inc., Waltham, MA, USA), an RNA stabilization reagent, was added to each tube, and the blood samples were stored at -80˚C until RNA extraction.
Selection of miRNAs as candidate blood biomarkers.
According to previous reports, a number of PCa-associated miRNAs were selected, including miR-15a, miR-126, miR-192 and miR-377, to evaluate their potential as diagnostic biomarkers for PCa. The 4 selected miRNAs were previously reported to be dysregulated in prostate tumor tissue and PCa cell lines (25) (26) (27) (28) .
miRNA extraction and reverse transcription (RT).
The extraction of RNA, including small RNA, was performed using the miRNeasy kit (Qiagen GmbH, Hilden, Germany) according to the manufacturer's protocols, as previously described (30, 31, 39) . The quality and concentration of RNA extracted from the clinical samples was evaluated using a Nanodrop ND-100 spectrophotometer (Thermo Fisher Scientific, Inc.). The concentrations of RNA ranged between 50 and 75 ng/µl; aliquots from all RNA samples were diluted to identical final concentrations of 20 ng/µl. cDNA was prepared from 20 ng RNA using a TaqMan miRNA Reverse Transcription kit (Applied Biosystems; Thermo Fisher Scientific, Inc.) as previously described (30, 31, 39) , with specific stem-loop RT primers. All cDNA samples were stored at -20˚C until further analysis.
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
The expression of miRNAs was quantified by RT-qPCR using TaqMan Universal PCR Master mix II (Applied Biosystems; Thermo Fisher Scientific, Inc.). The kit contained 1.33 µl cDNA, 10 µl TaqMan 2X Universal PCR Master mix II (Applied Biosystems; Thermo Fisher Scientific, Inc.), 1 µl gene-specific primers and 7.67 µl nuclease-free water to a final volume of 20 µl. RT-qPCR was performed on a 7900HT Real Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.). The PCR primer sequences for the targets were as follows: miR-15a, 5'-UAG CAG CAC AUA AUG GUU UGU G-3'; miR-126, 5'-UCG UAC CGU GAG UAA UAA UGC-3'; miR-192, 5'-CUG CCA AUU CCA UAG GUC ACA G-3'; and miR-377, 5'-AUC ACA CAA AGG CAA CUU UUG U-3'. The PCR primer sequence for reference was as follows: U6B, 5'-CGC AAG GAT GAC ACG CAA ATT CGT GAA GCG TTC CAT ATT TTT-3'.
The qPCR was performed using the following cycling conditions: 95˚C for 10 min, followed by 95˚C for 15 sec and 60˚C for 60 sec for a total of 40 cycles. The 2 -ΔΔCq method was used to determine the expression of miRNAs relative to U6B (40) using SDS software version 1.4 (Applied Biosystems; Thermo Fisher Scientific, Inc.). The mean fold change of duplicate qPCR amplifications was used in statistical analysis.
Statistical analysis. Statistical analysis was performed using SPSS version 23 (IBM Corp., Armonk, NY, USA). Differences in the clinical variables and the relative expression of blood miRNAs between patients with PCa and those with BPH, as well as between patients with low-risk and high-risk localized PCa were analyzed with Student's t test. Comparisons of the clinical variables among more than 2 groups were evaluated using one-way analysis of variance. Data for miRNA expression, age and PSA are presented as the mean ± standard deviation. Data for GS, tumor stage, lymph node stage and metastasis stage are presented as numbers and percentages. The association between individual miRNAs and PCa was determined with multivariate logistic regression analysis by obtaining the odds ratios (OR) and 95% confidence intervals (CIs) for either a crude model (1a and 2a), an age-adjusted model (1b), or an age-and PSA-adjusted model (2b). Receiver operating characteristic (ROC) curves and the area under the ROC curve (AUC) were used to assess the diagnostic accuracy of miRNAs as biomarkers. P<0.05 was considered to represent a statistically significant difference.
Results
Clinical characteristics of participants. Table I lists the clinical characteristics of the participants, including 35 patients with localized PCa, 35 patients with BPH and 30 healthy control subjects. Patients with localized PCa were divided into two groups: Low-risk (n=20) and high-risk (n=15), based on T stage, serum PSA and GS (35) .
As shown in Table I , there was no significant difference in the mean age among the three subjects groups (P>0.05). Patients with PCa or BPH had significantly higher levels of serum PSA, with mean values of 15.6 and 8.7 ng/ml, respectively, compared with the healthy subjects (3.7 ng/ml; P<0.05). Furthermore, the mean serum PSA level was significantly higher in patients with PCa than in patients with BPH (P<0.05).
In the localized PCa group, 20 patients presented with low-risk PCa, with a tumor stage of T1c or T2a, a PSA of ≤10 ng/ml and a GS of ≤7 and 15 patients presented with high-risk PCa, with a tumor stage of T2c or greater, a PSA of >20 ng/ml and a GS of ≥8. There was no significant difference in mean age between the groups (P>0.05). The mean serum PSA levels differed significantly (P<0.05) and were higher in the high-risk group than in the low-risk group. Three patients in the high-risk group presented with regional lymph node involvement (stage N1), and none of the patients presented with distant metastasis.
Expression of blood miRNAs in patients with localized PCa, patients with BPH and healthy subjects. Using RT-qPCR, the expression of miR-15a, miR-126, miR-192 and miR-377 relative to the internal control U6B were quantitated in peripheral whole blood and compared between patients with localized PCa or BPH, and healthy control subjects. Fig. 1 demonstrates the overall expression of the 4 miRNAs, which were all significantly lower in patients with PCa than in patients with BPH or healthy subjects (P<0.05). miR-15a expression was lower in patients with PCa (0.54±0.1) compared with either patients with BPH (2.44±0.47) or healthy subjects (2.35±0.4). miR-126 expression was also lower in patients with PCa (0.97±0.88) with respect to patients with BPH (4.53±1.0) and healthy subjects (5.85±1.5). Similarly, patients with PCa demonstrated a decreased expression of miR-192 (1.61±0.45) compared with patients with BPH (6.85±1.4) or healthy subjects (7.93±1.6). Finally, patients with PCa exhibited a lower expression of miR-377 (0.64±0.07) compared with patients with BPH (3.04±0.5) or healthy subjects (3.34±0.7).
Expression of blood miRNAs in low-risk and high-risk patients with localized PCa. A subgroup analysis was performed to determine whether the expression of miR-15a, miR-126, miR-192 and miR-377 differed between patients with localized PCa categorized as low-risk (T1c or T2a, PSA ≤10 ng/ml and GS ≤7) or high-risk (T2c or greater, PSA >20 ng/ml and GS ≥8) using the D'Amico classification. As illustrated in Fig. 2 , expression levels of the 4 miRNAs were significantly (P<0.05) lower in patients with high-risk localized PCa than in patients with low-risk localized PCa. miR-15a expression was 6.3-fold lower in high-risk PCa (0.11±0.24) than in low-risk PCa (0.88±0.34). miR-126 expression was 15.5-fold lower in high-risk PCa (0.11±0.17) than in low-risk PCa (1.7±0.45). miR-192 expression was 5.6-fold lower in high-risk PCa (0.46±0.17) than in low-risk PCa (2.58±0.5; P=0.01). miR-377 expression was lower by 2.2-fold in high-risk PCa (0.39±0.3) than in low-risk PCa (0.86±0.4). Amongst the 4 miRNAs analyzed, miR-126 was the most downregulated.
Multivariate regression analysis of association. Associations between the expression of blood miR-15a, miR-126, miR-192 and miR-377 and the presence of localized PCa were further analyzed. Analysis using multivariate logistic regression models based on single miRNAs confirmed a significant, independent association of each miRNA with PCa. When the group of healthy control subjects was used as the reference category, (Table II) , crude and age-adjusted regression models demonstrated that the 4 miRNAs were significantly and independently associated with PCa (P<0.05), whereas none of the miRNAs were significantly associated with BPH (P>0.05). In addition, when the group of patients with BPH was used as the reference category, the association of the four miRNAs with the presence of PCa was statistically significant (P<0.05) prior to and following adjustment for age and PSA (Table III) .
Discriminative ability of miRNAs for localized PCa.
To determine the discriminative ability of blood miR-15a, miR-126, miR-192 and miR-377 for localized PCa, ROC curve analysis was performed and the AUC was reported for each miRNA.
The ROC analysis was first applied for the four miRNAs in patients with PCa vs. patients with BPH. The results Figure 2 . Expression of blood miRNAs in low-risk and high-risk patients with localized PCa. Expression of blood miR-15a, miR-126, miR-192 and miR-377 quantified by reverse transcription-quantitative polymerase chain reaction were sub-analyzed in patients with localized PCa categorized as low-risk or high-risk of tumor aggressiveness using D'Amico scores. The relative quantification value for each miRNA was expressed as the mean ± standard deviation. * P<0.05 vs. low-risk localized PCa. miRNA/miR, microRNA; PCa, prostate cancer. Figure 1 . Expression of blood miRNAs in patients with localized PCa, patients with BPH and healthy subjects. Expression of blood miR-15a, miR-126, miR-192 and miR-377 relative to the internal control, U6B, were quantitated by reverse transcription-quantitative polymerase chain reaction in peripheral whole blood and compared in patients with localized PCa (n=35), patients with BPH (n=35) and healthy control subjects (n=30). The relative quantification value for each miRNA was expressed as the mean ± standard deviation. demonstrated good diagnostic capabilities in discriminating between the groups, with an AUC of 0.744 (P<0.001), 0.844 (P<0.001), 0.82 (P<0.001) and 0.73 (P= 0.001) for miR-15a, miR-126, miR-192 and miR-377, respectively ( Fig. 3A and Table IV) .
Likewise, when the ROC analysis was applied for the 4 miRNAs in patients with PCa vs. healthy subjects (Fig. 3B and Table IV), the results revealed significant diagnostic abilities in differentiating between the groups, Table II . Multivariate logistic regression analysis of miRNAs for discriminating PCa in the healthy control group reference category (Model 1). 
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Discriminative ability of miRNAs for PCa risk stratification.
Next, the abilities of blood miR-15a, miR-126, miR-192 and miR-377 to accurately risk-stratify patients with localized PCa were evaluated. The ROC analysis was applied to patients with localized PCa categorized as low-risk or high-risk using the D' Amico classification. As demonstrated in Fig. 4 and Table V, the 4 miRNAs displayed high diagnostic capabilities for differentiating between low-and high-risk PCa. The AUCs were 0.92 (P<0.001), 0.91 (P<0.001), 0.87, P<0.001) and 0.86 (P<0.001) for miR-15a, miR-126, miR-192 and miR-377, respectively. Notably, the highest predictive values were obtained for miR-15a and miR-126.
Discussion
The introduction of PSA testing into clinical practice has aided the early detection and screening of PCa (2) . However, despite the high sensitivity of PSA, the test is not specific for PCa (5, 7, 13, 14) , as PSA levels may also increase in non-malignant conditions of the prostate, including BPH; this has led to over-diagnosis and over-treatment (5, 6) . Furthermore, PSA levels are poorly correlated with tumor aggressiveness and poorer disease outcomes (15) . The limitations in the diagnostic accuracy of PSA raise an urgent requirement for alternative rapid and accurate markers for the detection of PCa, and the identification of high-risk patients at an early stage. The aberrant expression of miRNAs in various physiopathological conditions has led to the intense investigation of their potential role as a novel class of markers (17) . As they are highly stable in human biofluids (33, 34) , miRNAs exhibit promise as non-invasive biomarkers for a variety of diseases (31, 32, 39) . Circulating miRNAs secreted by tumor cells into the blood may reflect the tumor of origin (41) and the extent of tumor progression, including in PCa (42, 43) , thus representing promising diagnostic or prognostic disease biomarkers (29) (30) (31) 36) .
Among the growing number of miRNAs that have been identified as serving a key role in cancer, the expression levels of miR-15a, miR-126, miR-192 and miR-377 have been frequently identified as downregulated in a wide range of cancer types (19) (20) (21) (22) (23) (24) . Particularly in PCa, these miRNAs have been described as tumor suppressors that target multiple oncogenes (25) (26) (27) (28) . Since the majority of studies have focused on the potential value of miRNAs as biomarkers for advanced and metastatic PCa (36, 37) , the present study focused on the utility of circulating miRNAs as biomarkers to distinguish localized PCa from BPH, and Figure 4 . Discriminative ability of miRNAs for PCa risk stratification. The abilities of blood miR-15a, miR-126, miR-192 and miR-377 to accurately risk-stratify patients with localized PCa were determined using the ROC curve analysis applied in patients with localized PCa categorized as low-risk or high-risk of tumor aggressiveness using D'Amico scores. miRNA/miR, microRNA; PCa, prostate cancer; ROC, receiver operating characteristic. also to discriminate between patients with low-and high-risk localized PCa. Therefore, the expression levels of peripheral blood miR-15a, miR-126, miR-192 and miR-377, selected based on their critical functions in PCa (25) (26) (27) (28) , were quantified, and their diagnostic value investigated; they may be novel biomarkers for the early detection of localized PCa, and for PCa risk stratification. Significantly lower expression of miR-15a, miR-126, miR-192 and miR-377 was identified in patients with PCa, compared with in patients with BPH or healthy subjects (Fig. 1) . Subgroup analysis of patients with localized PCa categorized as high-or low-risk using the D'Amico classification (38) revealed that the four miRNAs investigated were significantly lower in patients with high-risk PCa than in patients with low-risk PCa (Fig. 2) . Among the miRNAs, miR-126 was the most downregulated, with a 15.5-fold decrease in patients with high-risk PCa vs. in patients with low-risk PCa (Fig. 2) . These results may suggest that miR-15a, miR-126, miR-192 and miR-377 participate in the pathogenicity and development of PCa. Furthermore, analysis using multivariate logistic regression models based on single miRNAs confirmed a significant, independent association between each of the 4 miRNAs and PCa, with or without adjustments for age, whereas none of the miRNAs were significantly associated with BPH (Table II) . When these models were applied in multivariate logistic regression analysis using patients with BPH as the reference category, the 4 miRNAs were significantly associated with PCa even after adjustment for age and PSA (Table III) . These data indicated that the reduced expression of circulating miR-15a, miR-126, miR-192 and miR-377 in the blood may represent predictive biomarkers for the presence of PCa. To the best of our knowledge, this is the first study to identify the downregulation of blood miR-15a, miR-126, miR-192 and miR-377 in patients with localized PCa, compared with in patients with BPH and healthy individuals, and to demonstrate that these four miRNAs are predictive for PCa. miR-15a is located near miR-16-1 at chromosome 13q14, a region that is frequently altered in cancer (19) . miR-15a serves an important role in cell differentiation, proliferation, apoptosis and angiogenesis (19) . In PCa, miR-15a was reported to target and suppress the expression of the cyclin D1 and WNT3A oncogenes (25) . miR-126 (also referred to as miR-126-3p) and its complement miR-126 * (miR-126-5p) are derived from the epidermal growth factor-like domain 7 gene on chromosome 9 located within intron 7 (44, 45) . It is highly expressed in vascular endothelial cells, and represses negative regulators of vascular endothelial growth factor signaling pathways, thus promoting pro-angiogenic processes and enhancing blood vessel formation (44, 45) . The function of miR-126 as a tumor suppressor was proposed based on its ability to inhibit cancer cell growth, adhesion, migration and invasion (20, (46) (47) (48) (49) . Song et al (26) identified that miR-126 could inhibit cancer proliferation and metastasis by targeting PIK3R2 in PCa. However, miR-126 may also act as an oncogene by promoting blood vessel formation and supporting cancer progression (50) . These observations suggested that the behavior of miR-126 in cancer biology is complex, indicating that the role of miR-126 in different tissue types may vary, as miR-126 mediates different signaling pathways in different tissues (51) . miR-192, another cancer regulator, was demonstrated to impair cell tumorigenicity in PCa by targeting and repressing the oncogene NOB1 (27) .
miR-377 could also affect the malignant cell behavior of PCa cell lines by targeting FZD4, an important gene in the epithelial-to-mesenchymal transition (28) . The downregulation of miR-377 was also reported to be associated with a higher PSA and Gleason score, and lymph node invasion, in specimens of primary and metastatic prostate tumors (28) .
In the present study, the downregulation of blood miR-15a, miR-126, miR-192 and miR-377 in patients with localized PCa compared with in patients with BPH and healthy controls supports the hypothesis that these miRNAs may function as tumor suppressers and have an important role in disease pathogenicity. Additionally, the low blood expression of these four miRNAs in patients with high-risk localized PCa compared patients with low-risk localized PCa may suggest that they serve a role in tumor aggressiveness.
The results of the present study indicated that blood miR-15a, miR-126, miR-192 and miR-377 levels could be used to discriminate PCa from BPH with high diagnostic accuracy, as determined by ROC analysis (Fig. 3A and Table IV ). In the differentiation between patients with PCa and healthy subjects, miR-15a, miR-126 and miR-377 displayed relatively high diagnostic values, while miR-192 exhibited a more moderate, though significant, ability ( Fig. 3B and Table IV) .
Of note, ROC analysis demonstrated the significant diagnostic power of miR-15a, miR-126, miR-192 and miR-377 to discriminate patients with low-risk localized PCa from patients with high-risk localized PCa, and miR-15a and miR-126 were the best predictors of high-risk disease (Fig. 4 and Table V) . A previous study by Watahiki et al (37) demonstrated the decreased expression of miR-126, and other miRNAs, including miR151-3p, miR423-3p, miR152 and miR-21, in the plasma of patients with localized PCa. However, in their study, only the combination of these miRNAs differentiated the two groups of patients rather than any individual miRNA (37) .
Peripheral blood is easily accessible and its extraction is non-invasive. The development of miRNA biomarkers that allow the differentiation between patients with malignant and benign prostate tumors could aid in avoiding invasive biopsies in Patients with BPH (15) . Additionally, miRNA biomarkers for indolent localized PCa, which may remain unrecognized for a number of years, could allow early diagnosis when the cancer is treatable and had not progressed to a more clinically significant disease (15) .
The present study clearly demonstrated that expression of miR-15a, miR-126, miR-192 and miR-377 could be developed as blood-based non-invasive biomarkers to distinguish PCa from BPH, and to identify patients with low-risk and high-risk localized PCa. The small sample size in the present study may limit the statistical power of the results, and further validation studies for the clinical implementation of the results are warranted with a larger sample size. Furthermore, the present study focused solely on the potential of miR-15a, miR-126, miR-192 and miR-377 as biomarkers for the early detection of localized PCa or PCa risk stratification. Additional studies are underway in our laboratory to investigate the clinical significance of other PCa-associated miRNA biomarkers.
Taken together, the results of the present study revealed that the expression of circulating miR-15a, miR-126, miR-192 and miR-377 in blood was significantly lower in patients with localized PCa than in patients with BPH and healthy subjects, lower in patients with high-risk localized PCa than in patients with low-risk localized PCa, and independently associated with the occurrence of localized PCa. These results demonstrated that the expression of miR-15a, miR-126, miR-192 and miR-377 holds promise as early blood-based biomarkers for determining the presence of localized PCa, and for PCa risk assessment.
